lUiaoifi  Insdmee 

of  Technology 

UNIVERSITY  LIBRARIES 


AT  276 
Wolfe,  T.  F. 
Design  of  a  standard 
reinforced  concrete  railway 


THESIS 
DESIGH      OF     A     STMDAI:D 
REIKPORGED     COilCEETE 
RAILWAY     TRESTLE    • 

Presented     "by 


ILLINOIS  INSTITUTE  OF  TECHNOLOGY 
PAUL  V.GAi\/rf«|  LIBRARY 
35  WEST  33RD  STREET 
CHICAGO.  IL  60616 


to     the 

PRESIDENT  AH2  FACULTY 
of 
ARMOUR  lESTITUTE  0?   TEGMOLOGY 
For  degree  of 
BACHELOR  OF  SCIENCE   IK   CIVIL  ENGIilEERIKG 
having  corr.pleted  the  prescrihed 
course  of  study 
in 
CIYII  EIJGniEERIKG 
1911] 
Approved: 


iPESIGH  0?  A  STAIDAPvD 


RSIHF0EC2D  C0IGR3TE 


R  A  I   I  V;   A  Y  TRESTLE. 


PREPARED        AS        A 


GRADUATION  THESIS 


BY 


T  H  0-M  A  3  F.        V/   0  I  ?  E 


A.    I.    T. 
CHICAGO,    III. 


COS TENTS 
IKTRCDUCTICK 
DATA 

DEAD  lOAD  OF  TRACK 
STR2SS2S   IH    SIAES 
DESIGIf   OF  SLABS 
IIFTIHG  STIRRUPS 
MOI-liSLTT   AIID   SE3AR  3IA&?.A^AS 
DSSIGK    OF  PIL2  SZl^'T 
DSSIGII   OF  PI2R 
DE3I6K   OF  A£UTivlEHT 
STABILITY  DIAGRAIa 
SLABS 

PILE  BXSTS 
ABUTMENT  AED  PIER 
BILL   OF  MATERIAL 


1-2 

3 

3 

3-5 

5-7 

7 

7  a- 7  a 

8-9 
10-11 
lE-13 
PLATE  1 
PLATS  2 
PLATE  3 
PLATE  -'1 
PLATE  5 


i93480 


TEE  DESIGE   C?  A  ST-AJ^DAFJ)  E£IE?OI^Gi:D 
COECFdiTS  RaIL'./AY  TuSSTIE 

In  railT.'sj^  constriictiorx  numerous  pl&ces  are  en- 
countered T.'here  fills  are  prohititive  iDecsuse  of  the  nature 
of  the  j-round,  and  where  long  span  orid^es  v;ould  he  too  e:-:- 
pensive  to  use.   This  is  true  of  ho,!;rgy  land,  swamps,  river 
bottoms,  and  such  places  v/here  there  is  no  flov/  of  "rater  to 
speak  of,  but  v;here  fills  v.'ould  be  undesirable.   In  the.se 
locations,  since  there  is  neither  floating  ice  nor  drift- 
ing material  to  look  out  for,  there  is  no  objection  to  the 
large  number  of  .supports  necessarj-  in  trestles.   For  these 
reasons  trestles  have  been  used  since  the  earliest  days  of 
railroad  construction.   Up  to  s  comparativeTj  fev;  years  ago 
v;ood  v/as  used  eicclusivelv  for  this  class  of  structure,  but 
it  is  nov*'  being  replaced  by   steel  and  concrete.  " 

For  eztren.ely  high  structures  steel  is  used,  while 
for  all  other  stn^ctures  concrete  is  most  adaptable.   The 
general  design  of  the  concrete  structure  follows  closelj  the 
general  lines  of  the  old  wooden  one.   Spans  of  from  fifteen 
to  tv'enty  feet  are  used,  supported  either  on  piers,  or  on 
pile  bents.   The  pile  bents  used,  are  practically  a  duplicate 
of  the  v/ooden  ones,  but  are  entirely  of  reinforced  concrete; 
they  are  used  where  the  height  of  the  structure  is  not  so 
great  as  to  cause  excessive  bending  in  the  supports.   In 
cases  where  bending -does  take  place  thin  piers  are  substitut- 


-ed  for  the  pile  "bents.   The  use  of  the  thin  piers  makes  it 
more  econornicsl  to  use  larger  spans  than  are  used  v/ith  pile 
"bents,  so  in  the  following  work  a  tv/enty-tvo  foot  slab  has 
"been  designed  for  this  -type.   The  grest  advantage  of  the 
pile  "bent  type  is  the  fact  that  it  reduces  the  field  work 
to  a  minirnuin,  since  "both  the  slahs  and  piles  are  cast  at 
some  central  yard,  leaving  only  the  pile  caps  to  "be  cast 
at  the  "bridfre  site.   In  the  following  work  the  complete 
figures  are  shovm  for  the  design  of  each  part  of  the  trestle 
as  v/ell  as  the  drsv/ings  of  each  part  and  of  the  entire 
structure.   The  last  plate  shows  in  detail  the  material 
necessary  for  the  various  parts  of  the  trestle. 
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DATA 

LOADIHG: -Live  load  —  Coopers  2.   50 

Dead  load--".'/ eight  of  slab,  ballast,  and  track. 

Concrete=150#     per  cu.  Ft. 

Ballast  rlCO#       "   "    " 

Track   =15C#       "   lineal  It. 

Timter  -  4  IjZir       "  board  Ft. 

SPECIFICATIOITS: -American  Railv/ay  Engineering  and  Maintenance 

of  \Tay  Association. 

SPMS:-  15,  16,  17  and  22  Feet. 

Considering  a  depth  of  6"  of  ballast  under  the  tie  and  a 

tie  8xlCzlO-0,  the  dead  vreight  per  foot  of  bridge  is  as 

follov/s: 

Wt.  of  1  tie  =  3C0# 

"   "   8  GU.  Ft.  of  ballast   =  800# 

"   "   1  Ft.  of  track         -  150# 

Total  wt.  per  ft.  -12EC# 

Since  the  width  of  slab  is  14 '-0"  the  dead  load  per  sq.  ft. 

of  bridge=1250  f  14  -90 

STRESSES  IE  SLABS 

A. -15  ft.  Span:-  Live  load  bending  moment  per  reil=l,8V8,C0C 

inch  pounds. 

This  moment  is  distributed  over  7  feet  of  slab,  therefore 

the  bendir^g  moment  taken  by  1  f oot^  1,878, 000=  ^aq  3OO  in.  lbs. 

Assume  weight  of  slab  to  be  300  lbs.  per  sq.  ft. 

Dead  load  bending  moment- 39 0x15^^x12  -131,800  in.  lbs. 

8 


soc 

Impact z 268, SCO  ^^^^  -256,000  in.  lbs. 

Total  "bending  moment  -655,100  in.  lbs. 

Maximum  live  load  end  shear  per  rail=50,000r 

Impact  per  rail=50,000  ^^  =47,  700# 

315 
Dead  load  shear  per  foot  of  v;idth2  2920# 

In  the  follOT;ing  discussion  the  following  s^iribols  will  be 

used. 

MnrLive  load  bending  moment  per  rail 

I  -Impact       "  "  "  " 

M(j-Dead  load    "  '•  "  " 

R^^^Live  load  shear  '    "  ■  n 

I^zlmpaot 

R,-Dead  load    "  "    " 

d 

M  -Total  bending  moment 
S  -Total  Shear 

M  ',  I',  i;% ' ,  F-T  '  ,  Ig'  and  F-ci ' ,  refer  to  the  same  stress- 
es per  foot  of  v/idth. 
B.-16ft.  SPAL:::-  ]yi^=2,100,CGC  in  lbs. 

I  r 2, GOO, 000  in  Ibe. 

M]_ '  =  500,000  in  Lbs. 

1'  =285,700  in  lbs. 

XVi»_ 39 0x16x12  -150,000  in.  lbs. 

Li'r7S5,  700  in.  lbs. 

R  =53,100# 

Rl'=7,590# 

Ig'=7,200# 

H^' =390x8=3, 120# 

S'  =R^'  Is'  Ri'=17,91C# 


e.  — 17ft.  3PAH:-  1v.;l=--.22C,C0G  in.  Its. 
H]_ '  =  391,400  III.  lbs. 
I'  =315,500  ill.  lbs. 
M^'rl69,COO  in.  l"bs. 
M'   -813,900  in     lbs. 


h 

z 

55,900  Tf 

%' 

1  _ 

6,C00# 

I  ' 

7,570# 

^d' 

r  _ 

3,31Cv7 

S    '=    18,86C# 
D.--22ft.    SPiilT:-   Assume   thickness   of  sls.b   of  Eft.    8  in. 

M-^r   3,690,000  in  Lbs. 

M]_'r527,15C  in.    lbs. 

I '=492,000  in.    lbs. 

M^'=556,C00  in.    lbs. 

Ivl'-l,375,150  in.    lbs. 
Rti  -    66  jOOCif 
E^'-9,430# 

i^'=8,eoot-- 

R^'=5,39D# 
S'=23,520# 

DiSIGl   0?   SLii3S 
In  all  the   f o  1 1  ov:ing  work  the   symbols  usea  by  Turneaure 
and  Maurer   are  used. 

n::15  fs=15C00#  fc=750# 

-Pc- 


-;& 


IBxl 

'5u 

-  1,     -x.^v^ 

K 

-.428 

3 

:l-l/3k  =.857 

^s 

=  Fs  Adj 

A 

-Ms 
Fs  jcT" 

Mc 

=l/2?c  Kj  bd2 

Fc 

-2Mc 
Kj  bd2 

A.--15ft.  oLAB:--D.=23-2  l/2=20  l/2  in. 

M=656,100  in.  lbs. 

A=656,100 r2.50  sq.  in. 

loOOOx  .857x20.5 

Fc- 2x656. 100 ^  =708# 

.428x.857xl2x20,'5" 

Use  7/8  sq.  in.  bars  spaced  -3  l/2''  centers. 

B.  — 16ft.  31^:— i.:;24-2  1/2-21  l/2  in. 

M-735,700  in. lbs. 

A=  735, 7 00 ^2.66 

15000X. 857x21. 5 

Fc-2x735.700 ^  -722# 

. 428x857x12x21. P- 

Use  7/8  in.  sq.  bars  at  3  l/2  in.  centers. 

G.--17ft.  SLAB:--!).  =25-2  l/2=22  ifz   in. 

M=8l3,900  in.  lbs. 

A-813j_900 =2.82  sq.  in. 

I5000x. 857x22. 5 

Fc=  2x813, 900 o   V29# 

.428x857x12x22.5"  = 

Use  7/8  in.  sq.  at  3"  centers. 


D.--22ft.  SLAB:-  2-32-3=29  in. 

M= 1,375, 150  in.  Tos. 

ii-1  375.150 3  70  gq.  1^ 

150CCi.  8572:29  "   *     ^   ^^• 

Fcr  2x1,575.15-.       ^„.  <i 
.42  8x8  5  7x1 2xS^     ^'^'^ 

Use  1  in.  round  "bars  at  2  l/2  in.  centers. 

The  following  diagrams  shov;  where  rods  should  he  turned  up 

to  resist  shear.  Eo  stirrups  are  needed. 

LIJTIHG  STIRRUPS 
Weight  of  22  foot  slah=32  x7222xl50=Sl»'''C'0# 

£1,7CC  -4.1-  sq.  in.  -area  of  stirrup. 

15GC0 

Use   2   stirrups   1   5/8   in.    round. 

V.eight   0^  l-17foct    slah=B|  ^7x17x150, 37, 300 

57,500        „ 

15,000     =2-49   sq.    m. 

Use   2   stirrups  1   I/2   in.    round. 
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\^/DTM       7-0"  DefTH       Ji  3"  Oe/TM      TO 


srs/rc     /  a  Ga^s         3 J 


--  V/  600 


V/.  6  oof  6  //    =■     6  60o^/s^.  /^  s/^ess    Jn    ex.. 


A70Ar£^/>/r    £>/j^G/iA/7 


/6^-0  SLAB 


U/zorH       7~o  D£-/'T/^      ^^  £>s/>r^     to 


k//OTH 


/T^-O     SLAB 


OsfTAf     ^s  Os^rn    ro 


^     a   Ba/^s        3" 


a  ~  ^" 


hy   ste^U  S 


_       _        ^       J'9-x  ^a  s  =^  s/SJo' 
A /Te/'na/'e     ^oc^s       a,  S,-f-<^. 
ConsJc/e^       CK      as    /aA/n<f 


sTz-ess 


s-y,soo  r  7/-^=      723  o  /s^/n     s^^ess 


5H£y^ft     D/y^CRy^/7 


y^o/7/FA^T  oy/io/^Arr 


^J2-0      SZ-AB 


ly//orH      7-0  OffTH     -3^"        Os/*rH     7-0 


^:X--   ^1^^^-.    63'o< 


Bend    every    t/i/rc/    roet    as      ^s,    , 
^.'loiv^n.   Area    bent  up    -  S6S'' 


^S^zoo  T  8.e,S  '  S23o'*ys^.  //}    s/ress    /r>  s/ee/ 


S/i£-A  /?    £>/y^  G/RArf 


DESIGl   OF  PliE   BENT 
The  mazitnun  live  load  reaction  at  any  "bent  supporting 
tv/o  17  foot  slats  is  147,200#.   The  dead  load  reaction  - 
390x17x14-92, 500#  The  total  reaction^ 147 , 200+92,500  = 
239,700#   V/hile  this  is  the  reaction  for  seventeen  foot 
spans  it  will  he  used  in  designing  the  hents  for  all  spans. 
In  the  absence  of  anj^  knowledge  of  the  soil  conditions 
at  the  trestle  a  pile  will  he  considered  as  carrying  a  load 
of  only  tv/enty  tons.   This  value  is  lov;  enough  to  alloY/  for 
the  most  unfavorable  conditions. 

239,700  *  48,000=5.99 
Therefore  6  piles  will  he  used  in  each  bent,  each  one 
fourteen  inches  square. 

Area  of  pile  -196  sq.  in. 
40,0CG    S04#  per  sq:  in.  conpression  on 
pile.   This  value  is  v/ell  within  the  required  licit. 

In  designing  the  pile  cap  v:e  will  assume  that  one  pile 
has  settled  or  failed,  causing  the  cap  to  act  as  a  continu- 
ous beam  over  a  span  of  four  feet  six  inches(see  blue  print) 
I   Live  load  reaction=147,2007f 
Dead  "       "   -  92,500# 
Total  "       "   -239,700# 
Reaction  per  foot  -17,100# 
Weight  of  cap  per  foot-l,CCO# 
Total  weight   "    "  rl8,100# 

M=w.  1 '-   lSlCQx54~  ■   4,440,000  in.  lbs. 
"T2~  =    12     - 


K=.428  jr. 857  a=31  in. 

A=4.44C..CC0     =11.00sq.  in. 
15L.0GX.  857x31 

5'C=2x4.44C,C0C -  89  0# 

15000X. 857x28x31* 

This  stress  must  "be  reduced  to  750#  by  using  cor.pressive 

steel. 

Area  of  tensile  steel-l.SO^j 

Allowed  concrete  stress=750# 

Per  cent  reduction  890-750    .^f 

890    "  J-p'O  ,-■ 

From  table  12  Turneaure  and  iJaurer  we  find  that  .52>3  of 

coopressive  steel  is  needed  to  cause  the  reduction. 

.005 2x28x31:: 4. 53  sq.  in. 

Use  9--I  in.  square  bars  in  bottou  of  cap 

Use  5--I  in.    "     "  at  top    "   " 

Maximum  shear=18 , 100x2. 25=40 ,700# 

40.700     ,„   ^:. 
2Sx5l —  =47.07f  shear 

Since  this  value  is  v;ithin  the  allo'ived  value  for  concrete, 

no  steel  is  needed  to  resist  the  shear. 

Double  pile  caps  will  be  used  .for  every  fifth  bent.  About 

1  1/2  times  as  much  steel  will  be  used  as  in  the  other 

caps. 
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DSSIGK   0?  PISE 

7/lien  the  distance  frora  "base  of  rail  to  the  ground 
exceeds  sixteen  feet,  thin  piers  will  be  used  instead  of 
pile  bents.   For  slabs  v/ith  a  tv/enty-two  foot  span,  piers 
will  be  used  in  all  cases.   The  pier  will  be  designed  for 
a  twenty  two  foot  span  and  the  same  section  used  for  all 
other  spans.   The  stresses  that  the  pier  must  resis  consist 
of  direct  compression,  due  to  the  weight  of  the  structure 
and  load,  and  bending  moment,  due  to  the  stopping  of  a 
train  on  the  trestle.   The  use  of  an  es:pansion  Joint  at 
each  pier  eliminates  bending  due  to  the  expansion  and  con- 
traction...of  the  slabs,  and  the  fact  that  thin  piers  are 
used  reduces  the  wind  and  current  stresses  to  a  negligible 
quantity. 

Weight  of  S2ft.  span  -116,500# 
"    "  pier  about    67,C00# 

Maximum  pier  reactionrl75,400# 

Total  load  on  pier   =358,900# 

Pier  cross  section  -24   in.  x  158  in. 

358,900*40,000-9  piles  needed. 

358,900t( 24x169 )9l30#  compression. 
Maximum  load  in  one  panel  due  to  uniform  train  load  = 
22x50 00=1 10, 000# 

Force  acting  at  top  of  rail  due  to  stopping  of  trainr 
1/5x110, 000=22, 000# 
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Since  the  height  of  pier  varies  v;e   ?;ill  assume  an  ex- 
treme case  in  designing  the  steel  to  resist  bending.   Assame 
a  height  of  twenty  feet  to  rail  top. 

M=  22000x202:12- 5, 27 0,000  in.  Ihs. 

A=5.270.000 

I5000x.857x31  =  ^^-S  ^1.  ^^. 

j'c=  2x5,270.000 --^q^-F 

.428x. 857x14x12x21-        " 

Use  20  one  inch  sc^aare  "bars   spaced  uniformly  across 

the  pier. 

PIER  JOOTIHG 

Assume  a  depth  of  footing  of  42  inches  and  a  depth  to 

steel  of  32  inches. 

Area  of  section  resisting  shears= 

2x32x188=10,740  sq.  in. 

358, 900+ 10740=33. 4#  per  sq.  in. 

Mig58,900  2  18=3.230,000.^,  "-^s. 

A- 5. 250, OOP 

1 5 OOOx. 857x32'  -    7.85  sq.  in. 

Use  14-3/4  in.  square  hars. 

gc= 2x2, 230. 000 ^     -  .r.^jL 

.428x857x14x12x32-     "  "^^"^^ 
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DSSIGI   OF  ABU'IMMT 

The  abattaent  shown  on  plate  1  will  he  used  ixL  all 

cases.  We  will  consider  a  surcharge  of  five  feet  aiid  figure 

the  earth  pressure  at  the  various  depths.   The  stability  of 

the  abutment  is  determined  on  plate  1  using  the  following' 

figures  for  earth  pressures  and  weights. 

p=. 3x120x16. 33= 5 88# 

P-. 3x120x8. 30  =317# 

P-317_583   ^12.5  =5000# 
2 ^ 

This  pressure  P  acts  at  a  distance  of  11  feet  from 

the  bottom  of  the  footing. 

Wt.  of  1  ft.  of  front  wall=5a40# 

"   "   "   "  "   earth  A   =3080# 

"    "   B  side  wa5.J.s       =45000# 

"   "   2   "     "   per  ft.- 

of  abutment  face         =3£30# 

Dead  load  reaction  from    15ft  slab 

.2900# 

All  these  forces  are  shown  acting  at  their  respect- 
ive points  of  app-.icatio!!  in  plate  1.   They  are  combined 
graphically  and  the  resultant  R  is  found  to  fall  within  the 
middle  third. 

The  vertical  component  of  this  resultant  is  14720# 
Total  dead  load  on  abutment  =14720x14-206, 00C# 
Live  load  reaction-132,0007/= 
Total  load  on  abutment  pilesr338,000# 

338,000  +  40,000=10  nearly. 
Use  10  piles  in  abutment. 


-13- 

Gonsidsr  part  of  side  walls  to  left  of  lines  3B  (see 

■  diagram. )  to  be  supported  by  the  diaphram. 

Pressure  at  topr. 3x120x5. 180# 

"       "   "bottom  -3x120x17.8  r642# 

Total  pressure  -180  642    (6x6.75  6x6)-240000# 

2  ~^' 

Total  tension  taken  by  steel=480007r 

48000  *  15000  =3.20  sq.  in.  needed. 

Use  14-1/2  in.  rods. 

Consider  the  part  of  wall  between  the  diaphram  and 

the  front  wall  to  act  as  a  simple  resisting  horizontal 

earth  pressures.   At  the  bottom  the  pressure  per  square 

foot  is  216# 

Mswj,^  -216xS2xl2_  -20,700  in.  lbs. 
6    "   6 

d=lS-3  -15   in. 

A- 20700 _.107  SLi.  in.  per  ft. 

15000x.657:^:?Cxl£   " 

go- 2x20700 417# 

.428x.  857x12x15-^  = 

Use  l/2"  square  bars  at  IS  inch  centers. 

The  pressure  at  the  bottom  of  the  front  vrall  is 

4S2#  per  square  foot. 

M=.v.'  1^   .1^^2x14^x12  -127000  in.  lbs. 
8~  -     8 

Ar 2x127 OOP 2_  ^31#  pgr  sq.  in. 

.428x. 857x12x21"    " 

Use  3/4"  square  bars  at  14  inch  centers. 

In  addition  to  the  steel  figured  above  other  rods 
ate  used  for  the  purpose  of  holding  the  reinf orcedent  in 
place  as  well  as  to  talce  care  of  smaller  and  less  important 
stresses. 
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